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(54) Self diagnostic ultrasonic imaging systems 

(57) A method and apparatus are described lor tGSl- 
ing the integrity of an ultrasonic transducer probe (10) 
or the ultrasound system connected to the probe The 
elements of the transducer are pulsed at a time when 
the probe is not in contact with a patient and the surlace 
of the probe lens is exposed to the open air The channel 
electronics receives the echo signal returned from the 
lens-air interlace and reverberations between this inter- 
face and the transducer These signals are analyzed by 
a diagnostic processor (20) coupled to the channel elec- 
tronics for characteristics such as amplitude, time of 
echo reception, group delay, and other characteristics 
to determine the possible existence of problems such 
as faulty transducer elements or connections and prob- 
lems in the system receive electronics. The diagnostic 
processor can adaptlvely adjust an operating character- 
Istic of the system electronics such as gain or time delay 
to compensate for a detected out of tolerance condition. 
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Description 

This invention relates to improvements in ultrasonic 
diagnostic imaging systems, and in particular to ultra- 
sonic in^ging systems capable of performing satf diag- 
nosis of an ultrasonic transducer probe and the channel 
electronics connected to elements of the transducer. 

Ultrasonic diagnostic systems are operable with a 
variety of ultrasonic transducer probes which are spe- 
cially adapted to perform specific diagnostic proce- 
dures. Many probes utilize multielement transducers to 
"shape and steer the transmitted ultrasonic waves, and 
to receive echo signals across an aperture fortiied by a 
plurality of the transducer elements. The received echo 
signals are processed by the ultrasound system which 
controls the activation of the transducer and prccesses 
the received echo information to form an image or meas- 
ure a physiological condition o! the body such as th£i 
state of flow in vessels of the body. The individual ele- 
ments are electrically connected to individual channels 
of a processoi known as a beamformer. Each channel 
of the beamformer controls the time of activation of its 
respective transducer element and appropriately delays 
the echo signals received by a transducer element to 
bring the echo sig/ial components received by the trans- 
ducers iniolime coincidence. The time aligned achosig- 
nal components can then be combined to form a coher- 
ently focused echo signal. The coherent echo signal can 
then be detected and further processed as a contributor 
to a spatial image of the interior of the body or lo meas- 
ure flow and other functions of the body. 

Ultrasonic probes and systems, like other complex 
electronic medical devices, can develop fault with ex- 
tended use and wear. The channels of the ultrasound 
system which control the transducer and process the 
echo signals can malfunction due to power fluctuations, 
component aging, or other electrical hazards. The 
probes themselves will age and wear with continual use 
and can fail or break if dropped severely Often these 
faults and failures are manifestly apparent. The probe 
or system will simply fail completely. But some prob- 
lems, such as the failure of a single element of a multi- 
element probe or a single channel of a multichannel sys- 
tem, are nrK)re subtle and not immediately observable 
by a user. Such undetected failures can lead lo a deg- 
radation in diagnostic performance which is difficult to 
delect or remedy. It would be desirable for an jltrasound 
system lo be capable of self diagnosing such subtle 
problems in both tlie system and the probes connected 
lo the system. 

In accordance with the principles of the present in- 
vention an ultrasonic diagnostic system is provided 
which is capable of performing self diagnostic tests on 
the system processing and control channels coupled to 
the transducer elements of an ultrasonic probe, and on 
the ultrasonic probes connected to the system. These 
self diagnostic tests are performed by a diagnostic proc- 
essor which activates the transducer elements of an idle 
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ultrasonic probe transmitting into the open air. When ac- 
tivated in this manner a surface reflection is returned 
from the probe-air interface and is received and proc- 
essed, and the resultant signals are analyzed by the di- 

5 agnostic processor on a channel by channel basis. The 
characteristics of the received signals reveal certain op- 
erational conditions of the probe and the channels con- 
nected to the probe, and these conditions can be report- 
ed to the user or to service personnel. 

10 In the drawings: 

FIGURE 1 is a block diagram of an uttrasonk: probe 
and ultrasound system constructed in accordance 
with the principles of the present invention; 
T5 FIGURE 2 is a cross-sectional view of the acoustic 
window of a multielement ultrasonic transducer 
probe. 

FIGURES 3a and 3b illustrate the conslructkxi ot 
the transducer elements and transducer electrodes 
20 of the ultrasonic probe of FIGURE 2; 

FIGURE 4 is an enlarged cross -sectior^i view the 
transducer elements and lens of the ultrasonk; 
probe of FIGURE 2; 

FIGURE 5 is a degram of a multielement Irans- 
25 ducer and lens which illustrates the principle of the 
self diagnostic testing of the present invention; 
FIGURE 6 shows a representative waveform whkih 
is analyzed by a diagnostk; processor of the present 
invention; and 

30 FIGURES 7a-7c show representative waveforms of 
certain fault conditions which are analyzed by a 
diagnostic processor of the present invention. 

Referring first to FIGURE 1 , the block diagram of an 
35 ultrasonic diagnostic system constructed in accordance 
with the principles of the present invention is shown. An 
ultrasonic probe 10 includes a multielement transducer 
30. Each element of the transducer 30 is connected by 
a conductor of a multiconductor cable 38 lo a probe 
40 transmitter and receiver 1 2. The transmitter and receiv- 
er 12 includes a number of piezoelectric drivers which 
are controlled by a beamformer 14 to pulse individual 
elements of the transducer 30 at the appropriate tinnes 
and with the appropriate waveforms to form and steer a 
45 transmitted ultrasonic wave into the body of a subject. 
In the receive mode the transminer and receiver 12 re- 
ceives the echo signals produced by each transducer 
element, converts the received signals to streams of dig- 
ital signal samples, and couples to digital signal samples 
50 to a digital beamformer 14. The digital beamformer in- 
cludes a nunnber of separate, parallel channel, each of 
which is connected lo receive the digital signal samples 
produced by an element of the transducer The digital 
beamformer 14 applies an appropriate delay to the stg- 
55 rials of each transducer element which brings the echo 
components received by the transducer elements from 
a given reflector into lime coincidence. The delayed dig- 
ital signal samples of the respective channels are 
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summed to form a coherent digrtal echo signal. The co- 
herent digital echo signals are processed by an image 
& Doppler processor 16 to form a diagnostic image or 
to make a diagrnDstic measurement such as the velocity 
of blood flow in the subject's body, as desired by the 
user. The resultant image or measurement is then dis- 
played on a display 18. 

In accordance with the principles of the present in- 
vention a diagnostic processor 20 is coupled to a 
number of the aforementioned subsystems, including 
the transmitter and receiver 1 2, the beamformer 1 4, and 
the image & Doppler processor 16. The diagnostic proc- 
essor 20 operates under the control of or in conjunction 
with a central system controller (not shown) which con- 
trols the previously described subsystems in the per- 
formance of their active diagnostic functions. During 
times when the ultrasound system is not in diagnostic 
service, or when commanded by the user or service per- 
sonnel, the diagnostic processor perlomns self diagnos- 
lic tests on the ultrasonic probe 10, the transmitter and 
receiver 1 2, and the beamformer 1 4. When activated the 
diagnostic processor causes the beamformer to se- 
quentially pulse each individual element of the transduc- 
er. The diagnostic processor then commands the trans- 
mitter and receiver and the beamformer to receive and 
process the echoes returned from the probe-air inter- 
face and reverberations thereof. This echo information 
is analyzed by the diagnostic processor on an individual 
channel basis and comparatively between channels to 
determine whether the probe or the subsystems of the 
ultrasound system are experiencing any faults or mal- 
tuncltons. 

A principle of the present invention is the activation 
of the ultrasonic probe when the acoustic aperture of the 
probe is exposed to the open air, for it is reflections from 
the probe-air interface which are analyzed by the diag- 
nostic processor. This self testing can be performed au- 
tomatically when the ultrasound system is not in diag- 
nostic use and a probe is connected to the system and 
passively hanging in the system's probe holder. For 
greatest test accuracy it is necessary that the surface of 
the acoustic window be clean. As ultrasonic diagnosis 
usually involves the use of ultrasonic couplant gel be- 
tween the acoustic window and the patient, this means 
that the test will be mosl accurate when residual gel has 
been cleaned from the probe. This ensures that the 
probe-air interface is the surface of the lens covering 
the transducer and not the irregular surface of gel coat- 
ing the lens. 

The principle of the present invention is illustrated 
by reference to FIGURE 5. This drawing shows a row 
of elements 30 of a multielement transducer, one of 
which is designated as 30'. Overlaying the transducer 
elements is an acoustic lens 34. The lens 34 can be (as 
will be described below) comprised of different layers of 
different materials, and can serve a number of purpos- 
es. It can serve to electrically insulate the medical pa- 
tient from the electrodes of the transducer. It can acous- 
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tically shppe the transmitted and received ultrasonic 
waves. It can match the acoustic impedance of the 
transducer to the acoustic impedance of the body. In 
FIGURE 5 the surface of the lens 34, the probe-air in- 
5 terface, is designated by reference numeral 40. 

To perform a diagnostic test one element of the 
transducer such as element 30' is pulsed by the ultra- 
sound system. The element 30' emits an ultrasonic 
pulse 42 in the direction of arrow 44. Some of the energy 
10 of the ultrasonic pulse passes into the air at the probe- 
air interface 40, but most of the energy is reflected by 
the interface 40 back to the transducer element 30'. 
When the reflected pulse reaches the element 30' it will 
generate a piezoelectric response in the element, and 
?5 this response is coupled to the ultrasound system and 
processed as described below. A portion of the energy 
of the pulse is reflected from the surface of the trans- 
ducer and travels outward again, repeating the reflec- 
tion cycle. These reverberations between the transduc- 
20 er and the probe-air interface can also be received and 
processed by the diagnostic processor. 

FIGURE 2 is a cross-sectional view of the acoustic 
window of a multielement ultrasonic transducer probe 
10. The outer surface of the probe 10 is defined by the 
25 probe case 36 and the outer surface of an RTV rubber 
acoustic lens 34. The acoustic lens 34 covers an acous- 
tic matching layer 32 which matches the acoustic im- 
pedance of the transducer to that of the acoustic lens 
and tissue. The matching layer 32 overlays the trans- 
30 ducer elements 30 which have electrodes plated on their 
outer and inner surfaces. A number of conductors 49. 
49' extend .from the transducer electrodes and are 
joined to individual conductors of the cable 38. The vol- 
ume behind the transducer 30 and shown occupied by 
35 the conductors 49, 49' is filled with acoustic damping 
material whrch damps acoustic energy emanating from 
the back of the transducer. 

A preferred construction of the transducer 30 and 
its electrodes is shown in FIGURES 3a and 3b. A plate 
40 of piezoelectric ceramk; is initially covered on its two pla- 
nar surfaces and edges with a metallized electrode coat- 
ing. Laser cutting or photolithography is then used to 
form holes in the electrode coating in the longitudinal 
directions indicated by arrows 94. The ceramic plate and 
-^5 its metallized coating are then diced into individual 
transducer elements 30' and electrodes 90, 92 by trans- 
verse dicing as indicated by arrow 96. The result is a 
series of transducer elements and electrodes as shown 
in FIGUF^ES 3a and 3b. Signal electrodes 90 are located 
50 on the back surface of the transducer 30 and wrap 
around one end of the transducer elements. Return 
electrodes 92 are located on the outer planar surface of 
tliG transducer and wrap around the other end of the 
transducer elements as shown in FIGURE 3a. Metallic 
55 fingers 49, 49' are attached to the electrodes at the ends 
of each element, and extend to their points of connection 
with conductors of the cable 38. 

The laser formed cuts and notches result in an al- 
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teration of the signal and return ends o\ the transducer 
elements from one element to another That is, metallic 
fingers 49 are connected to signal electrodes 90. and 
interspersed metallic fingers 49' are connected to return 
electrodes 92. The alternating patterns are offset from 
one end of the transducer to the other, since each signal 
finger must oppose a return finger on the other end of 
each element. The alternation of signal and return con- 
nections helps to reduce crosstalk between electrodes 
and connections. 

This transducer and electrode assembly is overlaid 
with the matching layer 32 and the acoustic lens 40 as 
shown in the enlarged cross-sectional view of FIGURE 
4, 

In performing the self diagnostic test of the present 
invention one element 30' of the probe is actuated by a 
transducer driver of the transmitter and receiver 12 un- 
der control of the diagnostic processor 20. A pulse is 
thereby transmitted to the probe-air interface 40 of the 
probe. In the case of a probe constructed as shown in 
FIGURES 2-4. the pulse will travel through the niatching 
layer and acoustic lens 34 to reach the probe-air inter- 
face, a distance of approximately 0.5-1 .0 mm in the typ- 
ical ultrasonic probe. At the speed of sound typical for 
the matching layer and lens materials it will take about 
500-1000 nsec. for the pulse to reach the probe-air in- 
terface 40. and another 500-1000 nsec for the reflection 
to return to the transducer element 30'. Thus, a properly 
operating probe and receiver is expected to produce a 
first echo return after 1-2 psec. and subsequent atten- 
uated reflections at 1-2 ^isec. intervals thereafter. 

FIGURE 6 illustrates a typical waveform that would 
be expected from these reflections from the probe-air 
interface of the probe. At time t=0 the transducer ele- 
ment 30' transmits a pulse and 1 ^sec. later an echo 50 
is received by the transducer element from the probe- 
air interlace and processed by the channel of the ultra- 
sound system that is connected to that element. After 
passage of another microsecond another reflectbn 52 
of the pulse is received, and after passage of a further 
interval of 1 ^sec. another echo 54 is received, each 
attenuated more greatly than the previous putse. 

In practice however the receiver of the transmitter 
and receiver 12 may be saturated by transmit pulse en- 
ergy when activated immediately after application of a 
drive pulse to the transducer element. As a conse- 
quence the received signal waveform can exhibit some 
ringing as shown at 60 in FIGURE 6 v\rtiich will quickly 
damp and dissipate as the receiver returns to linear op- 
eration. When the actuated transducer element 30' and 
associated channel of the beamformer are operating 
properly, the diagnostic processor 20 can expect to re- 
ceive a waveform (either in analog or digital form) similar 
to that of FIGURE 6. The waveform will appear as shown 
in the drawing at the output of the transmitter and re- 
ceiver 1 2 prior to incurring any beamformer delay. A lime 
delayed version of the received waveform will appear at 
the output of the beamformer 14. with the delay being 



that imparted by the associated beamformer channel. 
The diagnostic processor can be programmed to run the 
test several times under different beamformer delay 
conditions. A first test can be run with the beamformer 
5 channel programmed for its minimum delay and a sec- 
ond test can be run with the beamformer channel pro- 
grammed for its maximum delay. During each test the 
other channels of the beamformer are inhibited so that 
the output of the beamformer will be the delayed signal 
10 produced by only the particular transducer element and 
channel then being tested. 

The test results of a particular transducer element 
and channel are stored and compared with the test re- 
sults of other channels and elements. The amplitudes 
15 of the waveforms from channel to channel should be 
within a given range of tolerance, for instance. The var- 
iation of the amplitude of the signal of one channel would 
indicate that the gain of the receiver or beamformer of 
that channel is out of tolerance, for example. The diag- 
20 nostic processor 20 can be controlled if desired in such 
a situation to compensate for such variation. The test of 
a given transducer element can be re-run with another 
receiver and beamformer channel switched to connect 
to the transducer element to see if the waveform ampli- 
25 tude variance is present with a different receiver and 
beamformer channel. A comparison of the initial and 
second test of the element will isolate the condition to 
the transducer probe or the electronics of the receiver. 
In either case the gain of an amplifier in the receiver or 
30 beamformer for the channel connected to the element 
can be adjusted under control of the diagnostic proces- 
sor to compensate for the amplitude variation. 

If there is a problem with the transducer element or 
beamformer channel being tested, a waveform different 
35 from that shown in FIGURE 6 will be received. For in- 
stance, .if the beamformer channel has failed, the wave- 
form at the output of the beamformer will not simply be 
a delayed replica of the received waveform produced at 
the output of the transmitter and receiver 12. It may be 
40 that there is no signal at the output of the beamformer, 
or that the beamformer output waveform is badly distort- 
ed as compared with the input waveform. A comparison 
of the beamformer input and output waveforms is made 
by the diagnostic processor 20 to detenmine whether the 
•i5 beamformer channel for the particular transducer ele- 
ment is operating within its specifications. 

Another possibility is a malfunction within the probe. 
For instance, the conductors between the transducer el- 
ement and the ultrasound system could have come 
50 loose or opened. This will mean that the transmitter and 
receiver 12 is driving an open circuit vrtiich is no longer 
terminated by the transducer element. In this case the 
receiver will only see the effect ol saturation d the driver, 
it will not see the ringing effect of the transducer element 
£5 or any received echo signals. The received waveform 
will appear similar to that in FIGURE 7a. a smoothly de- 
caying wavefomi with no rf. content. When this signal 
is analyzed by the diagnostic processor the processor 
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wBI report an open circuit to the transducer element be- 
ing tested. 

Another possibility is that the receiver in the trans- 
mitter and receiver 1 2 has maltunctbned due to a short 
circuit. If the receiver channel for the particular trans- 
ducer element has short circuited, the analog to digital 
converter at the output of the transmitter and receiver 
12 in a digrtai system will exhibit the step response 
shown in FIGURE 7b. Upon receipt of such a waveform 
the diagnostic processor 20 will conclude that there is a 
problem with the receiver in the particular channel being 
tested. 

A further possibility is that a delamination has oc- 
curred between the layers of materials between the 
transducer element and the probe-air interface. If the 
RTV lens material delaminates from the matching layer, 
an air pocket or bubble will occur between the two lay- 
ers. This air pocket wilt be encountered by the transmit- 
ted pulse prior to reaching the probe-air interface, and 
an echo will be relumed from this air pocket in advance 
ot the reflection from the probe-air interface. If this is the 
problem the diagnostic processor will receive a wave- 
form as shown in FIGURE 7c. This waveform contains 
an echo 56 which precedes the expected echo signal at 
the one microsecond time point. Upon receipt of a wave- 
fomn similar to that of FIGURE 7c, the diagnostic proc- 
essor will report a delamination ot the layers of the probe 
lens. 

Yet a further possibility is wearing or deformity of 
the RTV lens 34. Ultrasonic probes are often pressed 
hard or mbbed against the subject. This use can wear 
away or compress the lens material to a greater degree 
above one transducer element than others. This prob- 
lem is detected by measuring the time of flight ot the 
ultrasonic signal through the lens materials. A broad- 
t>and transducer or system can be diagnosed for this 
problem by measuring the signal phase 0 at a number 
of frequencies about the nominal center frequency of the 
transducer, then calculating the group delay for the ele- 
ment, the derivative of phase with respect to frequency 
d<^/df, a measure of the signal time of flight. The group 
delay of each transducer element is compared by the 
diagnostk; processor with the group delays of the others 
to see if any are outside of predetermined tolerance lim- 
its. An out of tolerance group delay for a particular trans- 
ducer element indicates a wearing or compression of 
the lens material above that element. 

In a manner similar to that discussed for amplitude 
compensation, the beamformer operation can be ad- 
justed by the diagnostic processor to compensate for 
time of flight variance. Time of flight variances can be 
caused by nonuniform thickness of the lens materials or 
by a problem with the transmission electronics. A time 
of flight inaccuracy can result in misregistration and de- 
focusing of the signals combined in the beamformer out- 
put signal. If the received echo 50 or the measured 
group delay indicates an inaccuracy in time of reception 
of echoes, the beamformer delay for the channel can be 



adjusted to account for the variance and bring the signal 
of a particular channel back into focus with the signals 
processed by other channels of the beamformer. 

Just as time of flight measurements detect perform- 

5 ance variations in the time domain, the spectral charac- 
teristics of a received signal can be measured by the 
diagnostic processor to detect variations in the frequen- 
cy domain. Variations in the bandwidth of the received 
signals and amplitude variations across the frequency 

10 band are measured by the diagnostic processor. The 
transfer function of an adaptive filter in the receive signal 
path can be varied in response to these measurements 
to compensate for such amplitude and frequency varia- 
tions. 

^5 Even more sophisticated testing can be performed 
If there are two or more probes connected to the ultra- 
sound system at the same time. When this is the case, 
the diagnostic processor is programmed to automatical- 
ly test both probes and compare the waveforms re- 
20 ceived from both. The comparison is done arrtong the 
elements of each probe as described alxive, and also 
from probe to probe. This enables the diagnostic proc- 
essor 20 to isolate problems in the probe or in the chan- 
nel electronics. For instance, if the test of element #15 
25 on probe #1 yields a waveform as shown in FIGURE 7a 
and a test of element #15 on probe #2 with the same 
channel electronics yields a waveform as shown in FIG^' 
URE 6. the processor would conclude that the channel 
electronics is operating properly and that there is a prob- 
30 lem with element ^15 of probe #1. Alternatively if the 
two tests both yield a waveform such as that shown in 
FIGURE 7b, the processor would conclude that there is 
a short in the receiver electronics, * 

It will be appreciated that different probes can have 
35 different lens thicknesses, and as a result the antk;ipat- 
ed time of receipt of the echo from the probe-air interface 
can differ from one probe to another. This variation is 
accounted for by programming this characteristic in the 
probe's ID chip. Each probe carries a tiny read only 
^0 memory in the probe connector that plugs into the ultra- 
sound system. The read only memory is connected to 
several pins of the connector that mate with the system. 
When the connector Is plugged into the system the sys- 
tem accesses and reads the contents of the read only 
45 memory. This information conventionally informs the 
systems of the type of probe (linear array, phased array 
etc.), the probe serial number and the transducer band- 
width and center frequency. In accordance with the prin- 
ciples of the present invention, the read only memory is 
50 also programmed to contain information useful to the di- 
agnostic processor such as lens thk;kness. If the probe 
is manufactured with a lens thickness that is not uniform 
across the transducer aperture, that information is also 
programnr>ed into the read only merrtory. The expected 
55 group delay of the transducer elements is another piece 
of information that can be provided from the read only 
memory This probe information is provided to the diag- 
nostic processor and used by the processor in evaluat- 
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ing its test results. 

There are a number of ways in which the diagnostic 
processor 20 can be controlled. The processor can be 
controlled from a set of controls or switches that are ac- 
cessed by service personnel during periodic mainte- 5 
nance or inspection of the system. The service person- 
nel are trained in the interpretation and analysis of the 
waveforms, and can best determine the nature and so- 
lution to any problems. The diagnostic processor 20 is 
connected to the system display I8by way of the image 
and Doppler processor 16 and the processor can be 
commanded to display problems by means of text mes- 
sages on the display or by the display of a fault revealing 
waveform stored by the processor. The display will pro- 
vide the full context in which the waveform was detect- ^5 
ed. including the channel number probe identiticalion, 
transducer element number, and the time of the test. By 
reviewing this infomiation the service person can quick- 
ly and easily identify problem sand tend to their solution. 

Another way to operate the diagnostic processor is 20 
to allow the user to command testing whenever the user 
feels that there may be a problem with the probe or sys- 
tem. A text message on the display informs the user of 
the results of the test at the conclusion of testing. 

A third way to operate the diagnostic processor is 2S 
to enable it to run autoo^tically in the "background." The 
systenn controller or processor can detect when the sys- 
tem is sitting idle and not being used to diagnose pa- 
tients. The passage of an extended period of time with- 
out the receipt of echo information is one such indicator 30 
of an idle condition. The diagnostic processor can be 3. 
programmed under such condition to autonr^atically test 
the channel electronics and connected probes during 
such periods of idleness. The testing can be full testing 
of all channels and transducer elements, or can be sam- 35 
pie testing of only a selected number of channels and 
elements. The results of the test can be displayed on 4. 
the display and viewed just before use of the system 
resumes, or can be stored in a test log and accessed 
when desired by the user or service personnel. Thesys- -^o 
lem would automatically cease testing and return to ac- 
tive patient scanning whenever a probe again comes 
into contact with a patient, which is immediately indcat- 
ed by the presence of additional echo pulses between 
the probe-air interface echo 50 and its subsequent re- 
flections 52. 54. It should be appreciated that such sys- 
tem-prompted automatic testing can provide inaccurate 
results if the probe has been let on the system with cou- 
plant gel still present on the lens. In consideration of 
such a possibility the diagnostic processor will generate 50 
a message to be read by the user or service person to 
check for such a condition and take it into consideration 
when assessing the results of system-prompted testing. 
" The diagnostic processor 20 can also be controlled 
to automatically begin testing the system and probes 55 
whenever it is first turned on. The user can be given the 
option if desired to either wail for the testing to be con- 
cluded before scanning patients, or to interrupt the test- 



ing and begin scanning a patient at once. 
Claims 

1. A method of testing the operability of an ultrasonic 
transducer probe or ultrasound system comprising 
steps of: 

connecting a multielement transducer probe to 
an ultrasound system; 

activating the transducer by causing the trans- 
ducer elements of the probe to transmit pulses 
with the acoustic window of the probe exposed 
to the air; 

receiving echoes returned from the probe-air 
interface; 

analyzing said received echoes to determine 
the operability of the transducer probe or ultra- 
sound system. 

The method of Claim 1. wherein said ultrasound 
system contains a plurality of electronic channels 
connected to different transducer elements of the 
probC; and wherein the step of analyzing comprises 
the step of analyzing said received echoes to deter- 
mine the operability of said transducer elements 
and their connections within the probe, or the oper- 
ability of said electronic channels. 

The method of Claim 2, wherein said transducer 
elements are covered with an acoustic lens.- and 
wherein the step of receiving comprises the step of 
receiving echoes returned from the lens-air inter- 
face. 

An ultrasound system to which different multiele- 
ment ultrasonic transducer probes may be con- 
nected for the performance of ultrasonic imaging or 
measurement, including means for testing the oper- 
ability of a probe or the receive electronics of said 
system comprising: 

means for connecting said ultrasound system 
to a multielement transducer probe having an 
acoustic window overlaying said transducer 
elements; 

means for causing the transducer elements of 
the probe to transmit pulses with the acoustic 
window of the probe not in contact with a 
patient; 

channel electronics coupled for receiving echo 
signals returned from the exterior surface of 
said acoustic wirdow; and 
a diagnostic processor, coupled to said channel 
electronics, for analyzing said echo signals 
returned from the exterior surface of the acous- 
tic window to determine the operability of the 
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transducer probe or ultrasound system, 

5. The ultrasound system of Claim 4. wherein said 
diagnostic processor comprises means for analyz- 
ing the time of reception of said echo signals 
returned from the exterior surface of the acoustic 
window and the received waveform containing said 
echo signals to determine the integrity of an ele- 
ment of said transducer and its connections, or the 
integrity of the signal path of the channel electronics 
connected to said element. 

6. The ultrasound system of Claim 5, wherein said 
diagnostic processor includes means for determin- 
ing the time of flight of signals received from a trans- 
ducer element, and means for analyzing said time 
of flight to determine the integrity of said transducer 
probe. 

7. The ultrasound system of Claim 4, wherein said 
multielement transducer of said probe is covered 
with an acoustic lens, and wherein said diagnostic 
processor comprises means for analyzing said 
echo signals returned from the exterior surface of 
the acoustic lens to determine one of the conditions 
of a defective transducer element, and open circuit 
in series with said transducer element, a defective 
lens, and faulty electronics in the channel electron- 
ics coupled to said transducer element. 

8. The ultrasound system of Claim 4, further compris- 
ing control means, accessible to an operator or said 
ultrasound system, for commanding said diagnostic 
processor to conduct a test of said channel elec- 
tronics and a multielement transducer probe. 
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12. The ultrasound system of Claim 11, wherein said 
adjusting means comprises means for adjusting the 
gain of said channel electronics. 

13. The ultrasound system of Claim 11, wherein said 
adjusting means comprises means for adjusting the 
time delay of said channel electronics. 

14. The ultrasound system of Claim 4, wherein said 
diagnostic processor includes means for measuring 
the amplitudes of signals received from a trans- 
ducer element, and means for analyzing said meas- 
ured amplitudes to determine the integrity of said 
transducer probe, transmit means or channel elec- 
tronics. 



15. The ultrasound system of Claim 14, further compris- 
ing means, coupled to said channel electronics, for 
adjusting the signal gain of received echo signals 

20 to compensate for variations in signal amplitude. 

16. The ultrasound system of Claim 4, wherein said 
diagnostic processor includes means for measuring 
a characteristic of signals received from a trans- 

2S ducer element as a function of frequency, and 
means for analyzing said measured frequency- 
dependent characteristic to determine the integrity 
of said transducer probe, transmit means or chan- 
nel electronics. 

30 

17. The ultrasound system of Claim 16. furthercompris- 
tng an adaptive filter, coupled to said channel elec- 
tronics, for adjusting the filter transfer characteristic 
applied to received signals in response to a meas- 

35 ured frequency-dependent characteristic. 



9. The ultrasound system of Claim 4, further compris- 
ing autonr«t»c control means coupled to said diag- 
nostic processor for activating processor to conduct 
testing of said channel electronics or a multielement 
transducer probe connected to said ultrasound sys- 
tem during periods when said system is not being 
used by a user to ultrasonically image or diagnose 
patients. 

10. The ultrasound system of Claim 4, further compris- 
ing means for computing the time of flight of signals 
received from a transducer element, and wherein 
said diagnostic processor includes means for utiliz- 
ing said time of flight information to analyze the con- 
dition of said transducer probe. 

11. The ultrasound system of Claim 4, wherein said 
diagnostic processor further comprises means, 
responsive to the results of an analysis of said echo 
signals, for adjusting an operating characteristic of 
said channel electronics to improve the opera bilrty 
of said transducer probe or ultrasound system. 
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